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(54) Title: METHOD FOR SIMULTANEOUS LIGATION OF MULTIPLE DNA FRAGMENTS 



(57) Abstract 

A method is described for the simultaneous 
assembly of two or more primer extension gener- 
ated, double stranded DNA fragments, into a con- 
struct, comprising the steps of: 1) designing the 
primers such that the fragments subsequently pro- 
duced by PCTR, have 3* termini of 15 nucleotides 
or more being complementary to a second and third 
fragment, both having 3* termini of 15 nucleotides 
or more, complementary to each terminal of first said 
fragment; 2) providing in each of said primers and 
subsequently in each of said fragments, at least one 
dU residue in place of at least one dT residue, be- 
ing positioned at least 15 nucleotides from the 5* 
end of said primer and subsequent fragments; 3) 
adding to the mixture of fragments the enzyme UDG 
(Uracil DNA Glycosylase) and a compound such as 
NJ^.dimethylethylenedimethylamine. to a-purinate 
and generate single strand nicks at said dU residues, 
respectively, thereby to generate a 3' single strand 
overhang on each fragment to be joined thereto, be- 
ing complementary to the other 3' single strand over- 
hangs of second, third or more aforementioned frag- 
ments, and 4) allowing for all fragments thus gener- 
ated to anneal into a single and stable DNA construct. 
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METHOD FOR SIMULTANEOUS UGATION OF MULTIPLE DNA FRAGMENTS 

Field of the Invention 

The present invention concerns an improved method for joining a number 
of DNA fragments into a single, complex DNA constmct in a desired 
predetermined directional manner in which method the actual joining of 
the DNA fragments is essentially a single step. More specifically, the 
present invention concerns an improved method for combining DNA 
fragments having regulatory function, such as, for example, promoters and 
the like, and DNA fragments encoding various proteins, such as, for 
example, enzymes (such as polyketide synthases), cytokines, hormones 
and the like, into a single construct for the purposes of cloning and 
expression of such a construct in a simple and rapid procedure, by way of 
which the various DNA fragments are connected in a predetermined 
direction and after joining of the fragments, there is no imwanted linker 
DNA between the joined fragments. Accordingly, the method of the 
present invention provides also for a seamless joining of DNA fragments. 

Backfirround of the Invention 

Building DNA constructs is the core of genetic engineering. Building 
complex constructs requires time, money and highly skilled personnel. 
The construction is performed by fusing together specific DNA fragments 
in a desired way. The state of the art, as concerns cloning DNA 
fragments, has been published in a very large number of books, articles, 
patent apphcations, patents, and the like, and is usually readily available 
and known to all of skill in the art. For example, a comprehensive account 
of DNA cloning procedures is provided in the three volume text by 
Sambrook et al. (1989) entitled "Molecular Cloning - a Laboratory 
Manual", 2nd Edition, Cold Spring Harbor Laboratory Press. This 
extensive account of the prior art techniques for the combination of DNA 
fragments, cloning and expression thereof, is included herein by reference, 
in its entirety. 
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In accordance with the prior art, each of the DNA fragments is initiaUy 
cleaved from larger DNA entities (DNA from plasmids, cDNA, genomic 
DNA) with enzymes called restriction enzymes. The desired fragments 
are then covalently connected together by use of an enzyme called ligase. 

A given restriction enzyme is able to cleave DNA at a specific short 
sequence known as a restriction site. With more than two hxmdred 
different restriction enzymes which are commercially available, restriction 
sites situated at random up and downstream of a desired gene (or any 
other sequence of choice on a given DNA entity), can be identified and 
then cleaved by the respective enzymes. The DNA sequences which 
constitute restriction sites are mostly palindromic, between four to eight 
base pair long. Most enzymes cleave the DNA within the restriction site, 
leaving either "blunt" or "staggered" ends, depending on the specific 
enzyme. DNA with a "staggered" end has a short stretch (also known as 
"overhang") of single-stranded DNA between two to four bases long. 

The enzyme ligase can connect, or ligate, two blunt ends of two DNA 
fragments (each fragment is a separate molecule) and form one longer 
Lagment (longer molecxile). Such a ligation is extremely inefficient, ligase 
can also Ugate two molecules with staggered ends if the overhangs of these 
two molecides are complementary to each other. In fact, matching 
overhangs greatly improve hgation between molecules: the 
single-stranded DNA on one molecule has an affinity to the 
complementary single-stranded DNA on the other molecule. The 
staggered ends, also known as "sticky ends", or overhangs, form 
non-covalent connection with one another via hydrogen bonds. Since the 
overhsings produced by restriction enzymes are short, these connections 
are weak and imstable. Nevertheless, they rightly align the molecules 
long enough as to assist hgase in performing its task. 
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Sticky-end overhangs produced by the majority of the restriction enzymes 
consist of an overhang of two or foxir nucleotides. In theory, only 
fragments containing matching complementary • overhangs can be 
connected to one another by Ugase. In practice, illegitimate connections 
are a common occurrence. Due. to the low affinity between such short 
single strand overhangs and consequently, due to the unstable nature of 
the connection between them, legitimate ligation is an inefficient process 
yielding a low amount of desired product. Furthermore, the palindromic 
nature of the sticky ends always results in undesired by-products such as 
"hoad-to-head" connections between identical molecules which further 
reduce the amount of the desired product. 

Connecting DNA fragments with non-matching ends can be carried out by 
either bhmting the ends by special enzsones or by adding very short, 
artificial DNA molecxiles called "linkers". These molecules are specifically 
designed to have an overhang that woxild match one fragment on one of 
their sides and another overhang, on the other side, that would match the 
other fragment. The addition of hrkers further reduces the amount of the 
desired product. 

Because of the inefficiency of the process, connecting more than two 
fragments at once is avoided if possible, and the building of DNA 
constructs is done one step at a time. Each step consists of several stages: 
first, desired DNA fragments are cut by restriction enzymes from larger 
molecides. Next, two DNA fragments are hgated to each other. Since the 
amotmt of the desired fi-agment is low, it has to be amplified, usually by 
transfecting cells of choice, such as, for example, bacterial cells. In order 
to do so, the product has to be circidar DNA and has to contain certain 
components that will allow its amplification in bacteria. The third stage is 
therefore transformation of the DNA product into bacterial cells. Because 
of the high background of xmdesired product, a fourth, verification, stage 
has to be carried out. In this stage, the DNA from various bacterial clones 
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is purified and tested in order to distinguish between the desired product 
and all the others. Only afterwards can one proceed to the next step. The 
construction of a complex DNA molecule requires numerous such steps. In 
terms of time, the construction of sophisticated molecules may take 
anywhere between several weeks, to several months, and sometimes it is 
not achieved at all. 

Although the af&nity between complementary overhangs of two or four 
nucleotides is low, both the affinity between complementary overhangs 
and the stability of the hydrogen bonds, once formed, greatly increase 
when the overhangs are longer. Several methods for connecting firagments 
employing overhangs of longer than 4 bases have been described. 

One prior art method vises single strand extensions created by adding 
nucleotides at the 3* end of a DNA strand in a template-independent 
fashion (Roychoudhury, R. Gene Amplif Anal. 2:41-83, 1981). The enzyme 
used in this method, terminal transferase, will incorporate nucleotides at 
the 3' hydroxyl terminus of a double-str-^nded DNA fragment, thus 
creating a single-stranded tail. Since the enzyme uses the nucleotides 
randomly, the only way to ensure that the single-stranded tail wiU be 
complementary to a corresponding overhang created on a second DNA 
molectde, is to provide for each extension only one of the foxir nucleotides. 
The overhangs created with this method mxist therefore be 
homopolymeric, so that only foxir types of overhangs can be used, 
corresponding to the residues dA, dC, dG or dT. Since the overhangs 
created on both termini of a DNA fragment must be identical, cloning with 
this method is directionless and can only involve two fragments that are 
connected to each other at both ends, forming a circxxlar molecule. 
Furthermore » the length of the overhangs cannot be specifically controlled. 
Finally, the method necessarily introduces an unwanted stretch of 
nucleotides into the final construct, the length of which cannot be 
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determined exactly, making the method \ms\iitable for the purpose of 
cloning into vectors where the reading frame must be preserved. 

Various cloning kits sold in the market are based on the fact that the 
hydrogen bonds between overhangs 12 nucleotides long are stable enough 
to make the addition of ligase prior to transformation into bacteria 
unnecessary. The hydrogen boimd fragments remain attached to one 
another during the transformation procedure and then become covalently 
bound by the bacterial ligation machinery. In fact, in a number of recent 
issued U,S. patents and a published PCT patent application: U.S. 
5,137,814; U.S. 5,229,283; U.S. 5.334,515; and WO/18175 
(PCT/US93/01965), all assigned to Life Technologies, Inc., U.S., there have 
been described methods for inserting DNA fragments of choice into a DNA 
vector of choice by way of generation of such 12 nucleotide long 
complementary overhangs, as well as ways of altering the nucleotide 
sequence of such DNA fragments at the time of their preparation and 
insertion into the vectors. 

The above-mentioned U.S. patents and PCT application assigned to life 
Technologies, Inc., also describe the use of so-called exo-sampie 
nucleotides such a3, for example, dU for the purposes of generating the 
desired complementary overhangs on the vector and the fragment to be 
inserted therein. Hence, these patents and application are also 
incorporated herein in their entirety by reference for all matters 
concerning the use of exo-sample nucleotides and the various associated 
polymerase chain reaction (PGR) procedures and the construction of 
single-stranded DNA primers, including sxich exo-sample nucleotides, to 
generate the fragment of choice to be inserted into the vector. 

However, the above-mentioned prior art as a whole, and the specific 
disclosures according to the above-mentioned U.S. patents and PCT 
apphcation, £ui have drawbacks when it is desired to use such known 
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technology to combine two or more DNA fragments together. Of these 
drawbacks, one of the main ones is the fact that for the generation of the 
complementary overhangs, usually repeats of three nucleotides are 
employed, each repeat containing a single EXO-sample nucleotide, in the 
primer sequence to generate the desired fragment. As a result, the 
generated fragment will have at its terminal ends an additional segment 
of DNA corresponding to these repeats. This additional segment of DNA, 
also called "hnker" DNA, has the length of the repeats. Subsequently, 
when the fragment is inserted into the vector, the tvjo junction sites 
between the fragment and the vector will contain this extra linker DNA. 
Hence, if it was desired, for the purpose of expression of the fragment, to 
directly fuse the original fragment DNA to a desired sequence within the 
vector, by these prior art techniques such a direct fusion is not possible, 
because of the presence of the linker segment. Such a linker segment may 
therefore be detrimental to the proper expression of the fragment within 
the vector, and hence may have to be removed after the initial 
construction of the fragment within the vector, a procedure requiring an 
additional input of t^me and resoxirces. 

Similar methods have been described by Rashtchian et al. (Anal. Biochem. 
206, p. 91-97, 1992), who d^^^cribed 12 nucleotide overhangs generated by 
uracil DNA glycosylase (UDG) to achieve high-efficiency cloning of single 
inserts into a vector. Using such complementary overhangs of only 12 
nucleotides in length represents a further drawback of the above earlier 
methods, namely, such short overhangs often lead to a relatively low 
efficiency of joining between tv;o fragments and hence, when three or more 
of such fragments are desired to be joined, these methods do not provide a 
useful yield of the desired products. Thus, using such 12 nucleotide 
overhangs with the prior art methods, it is likely that when it is desired to 
join three or more DNA molecules together, this would have to be done in 
a step-by-step process in which, at frrst, two molecules would be joined, 
the so-joined molecule then isolated and purified, and sAerwards, the 
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third fragment would be added thereto, and so on for any additional 
fragments to be joined. As a resxxlt, these prior art methods are also 
time-consximing and require a significant input of resources. 

One of the aims of the present invention is to provide a method by which 
two or more fragments may be joined together in a specific predetermined 
directional manner, very efficiently, in which the joining step is essentially 
a single step and in which the jxmction sites between the various 
fragments are seamless, namely, do not contain any linker DNA segments 
to provide a fuUy in-phase joining of one fragment to the next. 

In a copending application of the same applicant herein, filed together 
with the present appHcation and identified as Attorney Docket 4190/96, 
(Israeli Patent Application No. 120338) there is described a method for 
joining DNA fragments in an efficient maimer, by way of a rapid 
procedure, and this by providing long tenninal overhangs of at least 15 
nucleotides on each of the fragments to be joined. It is another purpose of 
the present invention to provide a method for joining three or «iore DNA 
fragments in an efficient manner, and at the same time ensuring that 
there is only complementarity between the terminal overhangs of any two 
fragments which are to be joined together, ensuring that only the 
predetermined desired order of joining between the fragments is achieved. 

Other aims and aspects of the present invention will be readily apparent 
from the foregoing disclosure. 

It should be noted that all of the various terms, procedures and the like, 
used herein throughout, unless otherwise indicated, are aU well known 
terms in the art, known by all of average skill in the art. Thus, for 
example, terms such as nucleotides, primers, PGR, and the like, are 
readily known to all of skiU in the art and are weU defined in all standard 
texts and publications, for example, the above-noted Sambrook et al. The 
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above-noted U.S. patents and PCT application, incorporated herein by 
reference, are less known. The term "exo-sample nucleotides", of which 
dU is an example, as used herein throughout, is a relatively new term of 
the art, but is well defined and described in the above-noted reference U.S. 
patents and PCT apphcation. 

Summary of the Invention 

In accordance with the present invention, there is provided an improved 
method for combining two or more DNA fragments together into a 
multi-DNA fragment assembly, which overcomes the above-mentioned 
drawbacks of the prior art. By the method of the present invention, the 
DNA fragments are joined in an essentially single-step joining reaction in 
a desired, predetermined order and in a seamless fashion. 

Accordingly, the present invention provides a method for the simultaneous 
multi-DNA fragment assembly of two or more double-stranded DNA 
fragments produced by a primer extension reaction, particularly the 
poljonerase chain reaction (PGR), comprising the steps of: 

(a) providing for each DNA fragment to be joined to a second DNA 
fragment and to a third DNA fragment, a pair of primers for the 
primer extension procedure thereof, wherein one of said two primers 
has a portion which is complementary to one terminal portion of the 
strand of said fragment, and the second of said two primers has a 
portion which is complementary to the other terminal portion of the 
strand of said fragment, and wherein the second portion of at least 
one of the said primers is complementary to the terminal portion of 
a different fragment tx) be joined to said first fragment in a specific 
positioned relationship; 

(b) providing, in each of said primers, at least one dU residue or the 
hke in place of at least one dT residue of the original primer 
sequence, the first of said at least one dU residue(s) being positioned 
at least 15 nucleotides fi^om the 5* end of said primer; 
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(c) producing each said DNA fragment by the primer extension reaction 
procedtire; 

(d) carrying out in any suitable order the steps of: 1. mixing the 
produced DNA fragments 2. addiag the enTyme UDG to apurinate 
said dU residue and a second enzyme or a compound such as 
N,N-dimethyl ethylenediamine to generate single-strand nicks at 
said apurinated dU residue, said UDG and second enzyme or 
compound being in aonounts sufficient thereby to generate at the 
end of substantially all fragments a 3' single strand overhang which 
is complementary to another 3' single strand overhang or another 
fragment to be joined thereto; £md 

(e) providing suitable conditions and allowing sufficient time for the 
specific joining of said fragments to generate a multi-DNA fragment 
assembled product. 

Of course, if two fragments are to be joined to a circular construct, then the 
above termini of said second and third DNA fragments are termini of the 
same fragment. Furthermore, it will readily appreciated by all. of skill in 
the art that it is possible, by the above method of the invention, to join a 
fragment at one end only, i.e., it is not necessary to join both ends of any or 
all of theabove fragments. 

The invention also provides the above method wherein the DNA mixing 
step is carried out before the UDG enzyme addition step. The invention 
further provides the above method wherein the UDG enzyme addition step 
is carried out before the DNA mixing step. 

Still further, the invention provides the above method wherein step (e) 
includes the removal of the nicked ohgonucleotides from the reaction. 

One embodiment of the above method of the invention is a method 
wherein the said 3' complementary overhangs on said DNA fr£*.gments are 
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generated by the addition to said fragments, the enzyme UDG to 
apxirinate said dU residue and a second enzyme selected from 
endonuciease III (Endo III) or endonuclease IV (Endo IV) to generate 
single-stranded nicks of said apiarinated dU residue to provide said 3' 
overhangs. 

Another embodiment of the above method of the present invention is a 
method vvherein said 3' complementary overhangs of said DNA fragments 
are generated by the addition to said fragments, the enzyme UDG to 
apuriuate said dU residue and the compound N,N-dimethyl 
ethylenediamine to generate single-stranded nicks at said a-purinated dU 
residue to provide said 3' overhangs (for the role of this, and other 
chemical reagents in forming nicks, see McHugh and Knowland, (1995) 
Nucleic Acid Res., 23, 1664-1670). 

The joining of the fragments via the 3' complementary overhangs is 
facili:ated by: 

(a) heating the reaction mixture to a temperature suitable to allow 
dissociation of the oUgonucleotides at the termini of the fragment after 
said apurination of the dU residue and generation of nicks at the 
apurinated dU residue, and incubating said mixture; 

(b) keeping the mixtiure of (a) at a temperature suitable to maximize 
correct connections between complementary overhangs; and 

(c) optionally, adding ligase to said mixture to facihtate covalent 
joining of the DNA strands. 

In accordance with any of the above methods and embodiments according 
to the present invention, the DNA fragments to be joined are selected from 
two or more DNA fragments having regulatory function such as, for 
example, promoters, enhancers, terminators, ribosome binding sites and 
the like; and DNA fragments encoding proteins such as, for example. 
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enzymes (such as citrate synthases, polyketide synthases, and succinyl- 
CoA-synthetase). cjrtokines, hormones and the Uke. 

Furthermore, in accordance with any of the methods or embodiments of 
the present invention as noted above, there is also provided a method 
wherein one or more of the DNA fragments to be joined is a mutant 
fragment having been subjected to site directed mutagenesis during its 
preparation. Thus, for example, if it is desired to join a promoter carried 
by one DNA fragment to another DNA fragment encoding the protein of 
choice, it is possible to produce one or more site directed mutations in the 
promoter sequence and this by introducing into the primers made to 
synthesize this promoter sequence one or more specific site-directed 
mutations to provide a mutated promoter sequence, or similarly, by 
introducing mutations into the primers made to s5Tithesize the protein 
sequence, it is possible to generate a site-directed mutated protein 
sequence. This is particularly useful if, for example, it is desired to 
provide a promoter from a particidar source but in which its activity is 
either increased or decreased with respoct to the naturally occurring 
promoter or. likewise, if it is desired to alter the biological activity of the 
protein as compared to its naturally occurring form. Thus, by virtue of 
the present invention, it is possible not only to join fragments of choice 
together, but at the time of preparing such fragments, it is possible to also 
mutate the sequences of the fragments of choice. In addition, it is sdso 
possible to generate random mutations in defined sequences by employing 
mutagenic PGR condictions on at least one of the fi-agments which are 
produced. 

According to the present 3nvneiton, there is also provide*', the above 
method, wherein at least some of said primers for the primer extension 
production of said DNA fragments are biotinylated at their 5' ends, and 
wherein when said enzyme UDG and said second enzyme or compound are 
added to said mixture of fragments, there is also added streptavidin, either 
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free or bound to beads, whereby single -stranded oligonucleotides 
containing at their 5' end a biotin moiety generated following the 
formation of said single-strand nicks at said apurinated dU residues are 
bound via a biotin-streptavidin connection Eind are effectively removed 
from the joining reaction. 

The present invention also provides a primer for use in any of the above- 
mentioned methods or embodiments thereof of the present invention, 
comprising at least one dU residue in place of at least one dT residue, the 
first of said at least one dU residue(s) being positioned at least 15 
nucleotides from the 5' end of the primer. In view of the above-mentioned, 
there is also provided, as an embodiment of the primer of the invention, a 
primer wherein the primer is biotinylated at its 5' end. 

The present invention also provides an assembled DNA construct 
whenever prepared by any one of the methods or embodiments thereof as 
set forth hereinabove, and wherein said construct has been assembled 
from the joining together of a plurality of D; TA fragments according to the 
invention. 

Still further, the invention provides a DNA fragment comprising an 
overhang of at least 15 nucleotides or an end portion suitable to be 
converted into such an overhang. The invention also provides said DNA 
fragment, for use in the above method according to the invention. 

Illustrative, but non-limitative, examples of the above assembled DNA 
construct of the invention include constructs which have been assembled 
by the joinine together of three DNA fragments; constructs which have 
been assembled by the joining together of four DNA fragments; constructs 
which have been assembled by the joining together of five DNA fragments, 
and constructs which have been assembled by the joining together of eight 
and more DNA fragments. Furthermore, other examples of the assembled 
DNA constructs of the invention include constructs as indicated above, 
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which are in the form of a linear DNA molecule or which are in the form of 
a closed circxilar DNA molecxiie. 

Other aspects and embodiments of the present invention will be readily 
apparent from the following detailed description of the invention. 

Brief Description of the Drawings 

- Fig, 1 (A-E) is a schematic flow-diagram depicting one embodiment 
of the preparation of the fragments, their treatment and their joining, in 
accordance with the method of the invention, as detailed in the Examples. 
= depicts the primers, — depicts a single strand of the DNA fragment 
and / ^\ depicts the a-p\irinated site. 

- Fig. 2 is a schematic illustration of a plasmid prepared in 
accordance with the method of the present invention, as detailed in 
ExEunple 1 and 2, wherein the open bars depict the Tet fragment which 
may be synthesized as a single fragment from primers SEQ. ID NO. 1 
(also designated 31162) and SEQ. ID NO. 5 (also designated 30402), or in 
the form of two- subfragments, TetA and TetB from primers SEQ. ID NO. 1 
and SEQ. ID NO. 4 (also designated 27341), and SEQ. ID NO. 3 (also 
designated 25595) and SEQ. ID NO. 5, respectively; the dark bar depicts 
the Amp + ColEl-ORI fragment, which is synthesized as a single fragir.2nt 
from primers SEQ. ID NO. 8 (also designated 27342) and SEQ. ID NO. 6 
(also designated 3885); and wherein the hatched bar represents the Cm 
fragment, which may be produced as a single fragment from primers SEQ. 
ID NO. 2 (also designated 3597) and SEQ. ID NO. 7 (also designated 
4144), or as two separate subfragments, CmA and CmB from primers 
SEQ. ID NO. 2 and SEQ. ID NO. 9 (also designated 27343), and SEQ. ID 
NO. 10 (also designated 25596) and SEQ. ID NO. 7, respectively, and 
wherein the primers are indicated in the figure with arrows denoting their 
direction of synthesis, the arrowheads being the 3' end of the primer. 
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Fig. 3 is a schematic illustration of a plasmid constructed out of eight 
fragments in accordance with the method of the present invention, as 
detailed in example 3. 

Detailed Description of the Invention 

The present invention concerns an improved method for combining two or 
more DNA fragments together into a single DNA construct, by which 
method the fragments are joined in an essentially single-step joining 
reaction, in a desired, predetermined order and in a seamless fashion, 
namely, no linker DNA is inserted between the joined fragments. 

In the present invention, each primer is synthesized by standard, 
automated single-stranded (oligonucleotide) DNA synthesis and has two 
parts. A 3' part being complementary to the fragment to be produced, and 
a 5' part complementary to the terminal portion of the strand of another 
fragment to be specifically joined to this first fragment. Thus, the 
primers, in accordance with the present invention, essentially correspond 
to the desired predeteimined jimction region at those ends of the t^vo 
fragments to be joined. In this way, for each fragment generated, a 
uniquu pair of primers is used. 

In the above primers, during their synthesis there is incorporated at least 
one dU residue in place of at least one dT residue of the original sequence 
of the fragment, this dU residue being placed at least 15 nucleotides from 
the 5' end of the primer. In this way, as is fully detailed below, when the 
so-generated fragment is to be joined to the other so-generated fragments, 
upon addition of the enzjnne UDG and the compound .N,N-dimethyl 
ethylenediamine, or another enzyme which is the functional equivalent of 
this compound, at the ends of each fragment there is generated a 3' single 
strand overhang which is complementary to only one other such overhang 
present only on the fragment to be joined, to ensure that only the right 
fragments will join. 
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According to the present invention, the use of dU and the associated UDG 
and N,N-dimethyl ethylene diamine for the generation of the specific 
overhangs, i& the preferred choice, as all of these reagents are readily 
available at relatively low costs. .However, any other suitable exo-sample 
nucleotides, and corresponding reagents to remove them and generate 
single-stranded overhangs as are known in the art may also be used in 
accordance with the present invention. See, for example, the 
above-referenced patents assigned to Life Technologies, Inc., in which 
there is described dU, UDG and varioiis other exo-sample nucleotides and 
reagents for their removal. 

One such example of an alternate procedure is the use of UDG to cause 
apurination of the dU residues in the PGR - generated DNA fragments 
followed by the use of a second enzyme, which may be either endonuclease 
ni (Endo III) or endonuclease IV (Endo IV), instead of N,N-dimethyl 
ethylenediamine, to nick the DNA fragments at the apurinated dU residue 
and thereby to generate the der^xed 3' overhangs on the DNA fragments. 

In accordance with the present invention, overhangs of at least 15 
nucleotides long are generated to e.nsiure stable and efficient joining 
between the various fragments. In fact, in a series of experiments in which 
overhangs of only 12 nucleotides was used, disclosed in a copending patent 
application of the same apphcant filed on the same day as this application 
(Attorney Docket 4191/96, Israeh Patent application No. 120339), the 
specification of which is incorporated herein by reference, it was fo\md 
that when using fragments with overhangs of 12 bases, only low efficiency 
joining between two fragments could be achieved, and no joining between 
three or more fragments into a single construct could be achieved. Hence, 
in accordamce with the present invention, it has been found that such 
overhangs must be at least 15 nucleotides long to ensure the joining of two 
or more fragments together in an efficient manner. 
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In accordance with the present invention, it is of course also possible to 
generate one or more site-specific mutations within the one or more 
fragments to he joined together and this by standard procedures, in which 
the various above-noted primers, when generated, are generated having a 
specific nucleotide substitution, deletion or addition at a selected site 
within the primer. Subsequently, the firagment generated firom s\ich a 
primer will have the pre-selected site-specific mutation. Likewise, it is 
also possible to generate regions of either high mutation rates or very low 
mutation rates by amplifying firagments using mutagenic PGR protocols or 
high-fideUty enzsones, respectively. 

As regards the varioxzs DNA fragments to be joined in accordance with the 
method of the present invention, these firagments may encode any DNA 
molecule of choice. For example, the fragments may encode various 
regulatory sequences such as, for example, promoters, enhancers, 
terminators or the like. The fragments may also encode various proteins 
having various biological activity of pharmaceutical or veterinary 
importance, for example, various metabohc enzymes (such as polyketide 
synthase), hormones, cytokines, and the like. Hence, it is possible to 
generate, in accordance with the present invention, new chimeric 
promoters having improved or decreased activity and this by joining two 
fragments encoding parts of promoters from various sources. Likewise, it 
is possible to generate a wide range of chimeric structural said regxdatory 
proteins, for example, chimeric cytokine molecules, receptors, enzymes 
and the like, of improved or other desired biological activity, by combining 
fragments encoding different domains of such molecules from different, 
sources. Likewise, a multi-fragment assembly may be devised in which a 
new desired promoter is directly connected to a new desired DNA molecxile 
encoding a biologically active protein in a single new construct for the 
purposes of enhanced expression of this new desired protein, then the 
construct is used to transfect/transform suitable cells of any organism of 
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choice, for example, prokaryotic or eukaryotic cells such as bacterial or 
yeast cells, respectively, or mammalian, insect or any other exikaryotic 
cells. Likewise, such a multifiragment assembly can also be in the form of 
a modified bacterial or animal virus carrying one or more genes of choice 
for the purposes of infecting prokaryotic or eukaryotic cells of choice, and 
thereby introducing into these cells the gene(s) of choice. 

In accordance with the present invention, the PGR procedure is essentially 
the well known, now standard, procedure, which may be augmented by 
using recently described new high-fidelity DNA Polymerase enzymes, as 
well as newly developed, improved automated machinery for this purpose. 
Hence, any PGR procedure and reagents for use therewith may be utilized 
in accordance with the present invention to generate the very specific 
fragments which are to be combined together. 

Hence, in accordance with the present invention, one may readily prepare 
a DNA construct of choice, naiaely, a "custom-made" DNA construct in 
which any desired DNA fragment encoding any desired structxural or 
regulatory function, can be joined in a seamless fashion to other such DNA 
fragments. As the procedure in accordance with the present invention is 
both rapid f:.nd simple to perform, it is therefore possible to prepare any 
DNA construct of choice, be it a linear DNA molecule for insertion into 
cells directly by known techniques, or a circular DNA molecule to be used 
as a vector for transfecting/transforming cells of choice, or a linear 
construct for insertion into smother vector of choice, and any othei; such 
purpose readily apparent to any of skill in the art. The list of possible 
constructs which may be prepared in accordance with the present 
invention is essentially endless, as the only limitation on the preparation 
of constructs in accordance with the present invention is the availability of 
sequence information for the ends of each of the fragments to be joined. 

The present invention will now be described in more detail in the following 
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non-limiting examples and the accompanying drawings: 
The General Procedure 

The fragments which are to be attached to each other in a directional 
fashion are preferably prepared by utilizing the well-estabhshed 
Polymerase Chain Reaction (PGR) procedure, this being a standard 
procedure of the art. This provides for siutable amounts of the fragments. 

In this way, the desired fragments of the original DNA axe greatly 
amplified and by virtue of the use of pre-selected specific primers in the 
PGR procedxire, the 5' and 3' ends (termini) of the PCR-prepared 
fragments will have the desired pre-selected sequences which will 
ultimately provide for the directional attachment of the fragments to yield 
the DNA molecule of choice, in which all of the fragments have been 
attached to each other in the pre-selected order. 

Furthermore, by virtue of the necessity to use pre-selected primers in the 
PGR procedure, this necessity is also convenient for the purpose^ of the 
present invention, namely, into these primers, one or more dU residues 
may be incorporated in place of one or more dT residues, these one or more 
dU residues being the sites at which further specific treatment wiU 
provide for each of the various fragments having the desired 
single-stranded DNA overhangs (cohesive ends) that will be 
complementary only to the overhangs on the other fragments to which 
each fragment is to be connected, thereby ensuring the directionality of 
the connection. 

In accordance with the present invention, it is preferred to use more than 
one such dU insertion into each primer in those sites of the primer that it 
is desired to treat further following the PGR procedure. However, it must 
be noted that the nxmiber of dU insertions is entirely dependent upon the 
chosen (predetermined) primer sequence, not aU primer sequences of 
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choice will necessarily have many dT residues for replacement by dU 
residues. Fxarther, it is also desirable to have such dU replacements that 
are spread out along the length of the primer, but here too, the number 
and spread ofdU replacements is dependent upon the primer sequences of 
choice. In any event, at least one.dU insertion in place of one dT residue is 
essential in each primer sequence to ensure the successful operation of the 
method of the invention. According to one embidiment of the present 
invention, following the PGR procedure, all of the fragments are mixed 
together and subjected to the preferred treatment with UDG and 
N,N-dimethyl ethylenediamine, which results in the apurination of the dU 
residues, followed by cleavage (nick) at the 3' side of each apurinated 
residue to create a single strand nick. After this treatment, the 
temperature is raised to 75**C, resulting in the denaturation and 
disconnection of the double-stranded structures in between dU residues 
and up to the dU residue most distal from the 5' end of the primer (the 
most 3' dU residue), or when only one dU residue was inserted, then the 
denaturation and disconnection is up to the position of this dU residue, 
thereby yielding fragmen'is having long specific 3* overhangs. These 31 
overhangs are specific both as regards their sequence, and as regards their 
length, the length being determined by the original placement of the most 
dittal (most 3') dU residue in the primer. In the present invention, 
overhangs of about 15 nucleotides and longer are used. 

The above predetermined annealing can be done by a slow cooling, 
(starting from TS'^C and down to about 20-30°C), which facihtates specific 
and directional annealing of the different fragments to each other, by 
^/irtue of specific connections between the complementary 3* overhangs of 
the neighboring fragments. Alternatively, the annealing of the fragment 
can be done at 37*^0 or at any temperature desired when more than one dU 
residue is inserted into the primer and the inserted dU residues are 
spaced along the primer, their subsequent removal results in the 
generation of very short released ohgonucleotides which compete less 
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successfully for annealing to the aforesaid strand (to which they were 
originally annealed) with the complementary overhangs of the fragments 
to be joined. Further, at the temperatures at which the various fragments 
join each other by annealing of their complementary 3* overhanging 
portions, the various released - oligonucleotides are less efficient in 
reanneahng, the shorter the ohgonucleotide, the less the annealing 
efficiency. Most preferably, the ohgonucleotides that are generated 3' to 
the apurinated dU residue or residues are removed from the mixture. Two 
examples of how to do it are included herein, one using biotin (Example 2), 
the other using a different procedxire (Example 3). 

As a final step in the above procedxire, hgase (e.g., T4 hgase; of course any 
hgase, other than T4 ligase, may be used) may be added to covalently 
connect all of the fragments and thereby complete the formation of a 
single DNA molecide without any nicks. This ligase step is optional in 
view of the fact that by the preferred use of long overhangs at the termini 
of the fragments, the connection between the matching complementary 
overhangs, i.e., the hydrogen bonding therebetween, is of STich a nature 
that even without the final covalent connection with a hgase, the 
hydrogen bonding is strong enough to hold all of the fragments together. 
As will be described below, fragments combined in this fashion remain 
intact in a linear form even when subjected to gel electrophoresis, or when 
fragments are so connected to form a circtdarized DNA molecule, such a 
circularized molecule is structurally stable enough to be used to transfect 
ceUs to provide transformed cells containing this circularized molecide, 
which in these cells become Ugated by the endogenous cellular ligases. 

For the purpose of simplicity, it should be noted that in the above general 
procedure, when, for example, it is desired to connect five fragments 
together to form a linear molecule, then, the specific primers used in the 
PGR step are designed in such a way that the ends that are to be 
connected to each other are homologous (i.e., nave perfectly 
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complementary 3' overhangs, once these overhangs have been generated 
as noted above and below). For example, if a linear DNA construct is to be 
made from five fragments munbered 1-5 and for each fragment, for the 
purposes of illustration, we designate the sense direction to be "left to 
right" such that when joined fragment number 1 will be the extreme 
left-hand side and fragment 5 will be the extreme right-hand side of the 
combined molectile (or by convention, the (+) sense strand will begin with 
its 5* terminus at the extreme 5' end of fragment 1 and end with its 3* 
terminus being at the extreme end of fragment number 5; and the (-) 
non-sense strand wiU have its extreme 5' end at the extreme end of 
fragment 5 and its 3' end at the extreme end of fragment nxmiber 1). 

Hence, to make this construct of five fragments, the right terminus of 
fragment 1 should be homologous to the left terminus of fragment 2, the 
right terminus of fragment 2 should be homologous to the left terminus of 
fragment 3, the right terminus of fragment 3 should be homologous to the 
left terminus of fragment 4, and the right terminus of fragment 4 siiould 
be homologous to the left terminxis of fr'^gment 5. With such homology, 
once the 3* overhangs at the ends of each fragment are generated (as noted 
above and below), there will thus be perfect complementarity between the 
3' overhang at the right terminus of fragment 1 end the 3* overhang at the 
left terminus of fragment 2 to provide for a specific directional joining of 
these two fragments by complementairy interaction or joining between the 
two 3' overhangs, and likewise for the joining of the above-mentioned 
other termini of the various fragments to be joined. In such a construct, 
therefore, the left terminus of fragment 1 and the right terminus of 
fragment 5, i.e., the extreme ends of the molectde, should not have any 
homology to each other or to any of the other left or right termini of all of 
the various fragments, in this way ensuring that the so-produced molecule 
will be linear and will not be capable of drcularization or imdergoing any 
other inter-fragment interactions which would disturb the 1-2-3-4-5 
desired configuration to be formed. 
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However, when it is desired to make such a molecvde which is circxilar, 
then of coxirse the right terminus of fragment 5 should be homologous to 
the left terminus of fragment 1, thereby ensuring that circxiiarization 
occurs only by connection between fragment 5 and fragment 1. As also 
arises from the above-mentioned, all of the left and right termini of each of 
the fragments which are not designed to be connected must be 
non-homologous, this condition being relatively easy to meet in view of the, 
standard technology available for the automated synthesis of primers, the 
sequence of which is easy to determine. 

Thus, it is apparent from the above general procedure that the method of 
the present invention is essentially a single-step procedure in which all of 
the reaction components are present in a single reaction vessel in which 
all of the various reactions and treatments are carried out, thereby greatly 
simplifying the overall process and providing an end-product that is 
essentially only the desired product which can be readily obtained and 
fui ':her utilized. 

It should of corirse be noted that the initial PGR amplification of the 
fragments yhich it is desired to combine should preferably be carried out 
in separate reaction vessels for each specific fragment to ensure the 
fidelity of the PGR products. 

However, this requirement for separate PGR amplifications of the selected 
sequences is now also a simple laboratory procedxire in view of the widely 
available automated apparatxises for carrying out PGR procedures, which 
can handle a large number of separate samples at the same time. Also, as 
mentioned above, the production of the desfred PGR primers which will 
carry the preferred more than one dU residue, or at least a single dU 
residue is also carried out by automated machinery which allows for the 
generation of large numbers of primers of high fideUty and purity 
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simxiltaneoxisly in a very short period of time (for example, there are 
machines which can simultaneously produce 96 different primers at a cost 
of only about 10-30 cents per base per primer). Hence, it is possible to 
readily produce almost any desired primer carrying the preferred more 
than one or at least single dU residue in the preferred positions or position 
within the primer so as to xiltimately result in an at least 15 nucleotide 
overhang and preferably about 20 or more nucleotide overhang at the ends 
of the fragments to be joined. 

A schematic representation of the above-mentioned general procedure is 
set forth in Fig. 1. In parts A-D, there is illustrated how a PGR fragment 
having only a single dU residue (for simplicity of illustration) may be 
treated with UDG and N,N-dimethyl ethylenediamine to yield a PGR 
fragment with 3' overhangs at its two termini. In parts A-B of Fig. 1 there 
is shown schematically the preferred position of the dU residue in the 
end-product of the PGR procedure, i.e., the desired PGR-produced 
fragment which has incorporated 'at its terminal ends the sequence 
defined b;* the two primers used in its preparation, and in which the dU 
residue is inserted distal from the terminal ends of the fragment so that 
once it is removed by the treatment with UDG and N,N-dimethyl 
ethylenediamine, schematically shown in peuls G and D of Fig. 1, large 
single-stranded terminal overhangs will be formed, these preferably being 
at least 15 nucleotides in length, and more preferably about 20 or more 
nucleotides in length. When the primers are prepared it is of importance 
to make the replacement of the dT residue by the dU residue at a site in 
the primer which wHl be about 20 base pairs (bp) distal to the 5' end of the 
sequence of the desired fragment, so that when incorporated, this dU 
residue wiU be about 20 bp distal to the 5' terminus of the PGR 
end-product. 

It should be noted that for the purposes of illustration in Fig. 1, parts A-D, 
there has been shown only the genersd outline of the UDG and 
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N,N-ciimethyl ethylene diamine treatment of dU-containing PGR 
fragments for a single exemplary fragment, all the other fragments that 
are to be joined together essentially having the general overall structural 
configurationa with the dU inserted distal to the terminal ends of the 
fragments. In part E of Fig. 1,- there is shown schematically the linear 
ahgnment of five fragments which are to be coimected to each other in the 
predetermined order of fragments 1-5, this being facihtated by the 
homology at the ends of the fragments which are to be specifically joined 
to each other, namely, the so-called right-hand terminus of fragment 1 is 
homologous to the left-hand terminus of fragment 2, the right-hand 
terminus of fragment 2 is homologous to the left-hand terminus of 
fragment. 3, and so on, so that only connections in the specific order of 
fragments 1-5 can be obtained by the specific complementary interactions 
between the complementary 3* overhamgs. The length of the overhangs is 
playing a critical role in determining the strength of the hydrogen bonding 
between the complementary overhangs which will connect the various 
fragments and hence the overall high specificity of the order in which 
these fragments wiU be connected to each other. 



Materials and Methods 

All of the fragments which were joined together, as set forth in the 
following examples, were first individually prepared by the PGR procedure 
using a commercially available PGR apparatus (Robocycler Gradient 96™, 
Stratagene, U.S.A.) according to the manufacturer's instructions. 
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The concentrations of the reagents used in all of the PGR procedures, were 
as follows: 



Reagent 


Concentration 


Volume in 
Reaction Vessel 


DNA*(see below) 


0.1 ^lg/^l 


0.5 >il 


Primer 1 


10 pmol/jil 


10 nl 


Primer 2 


10 pmol/^1 


10 ^il 


dNTP**(see below) 


2.5 mM (each) 


16 pJ 


lOX Buffer 




20^1 


H2O 




144^1 


TaqDNA 

Polvmerase***{see below) 


5U/r! 


0.8 






200^1- 
Final Vol\ime 



The temperature regime for all of the PGR procedures was as follows, in 
accordance with the manufacturer's instructions: 

94**C for 60 sec, 40'*G for 80 sec, 72*^0 for 240 sec, this temperature 
regime being carried out for 30 cycles and then followed by a final 72*'C for 
600 sec After the last 72**C incubation, the reaction vessel was cooled to 
6*C. 

*The DNA which was used as the template in all of the following examples 
was either the plasmid pBR322 or the plasmid pAGYC184, both 
commercially available and for both the full sequence and restriction maps 
are available. This will be described in more detail in Example 1 below. 

**dNTP is a mixture of dATP, dTTP, dGTP and dOTP, in equimolar 
amounts, aU obtained from commercial supphers and used in accordance 
with the manufacturer's instructions (Boehringer-Mannheim, Germany). 
It should be noted, as mentioi od above, that during the PGR amplification 
of the fragments, only these normal nucleotides are employed and that 
dUTP is not inserted at all, this having been already inserted into the 
above-noted primer 1 and primer 2 prior to commencement of the PGR 
procedure. 
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***The Taq DNA polymerase was also obtained from a commercial 
supplier and used in accordance with the manvifacturer's instructions 
(Boehringer-Mannheim, Germany). 

Further, it should be noted that the above lOX Buffer is the usual buffer 
employed in the PGR procedure and is also purchased from a commercial 
supplier and used in accordance with the manufacturer's instructions 
(Boehringer-Mannheim, Germany). 

Example 1 

Preparation of a circularized plasmid by the directional 
connection of 3-5 fragments constituting the plasmid 
Overview 

The plasmid to be constructed was designed to have three or more 
different regions, each to be prepared separately by PGR amplification and 
then joined in a specific directional fashion to provide a circidarized 
plasmid as the end-prod'xt. This required the iritial preparation of 
specific primers, the sequence of which was to provide the basis on which 
the various PGR fragments, constituting the various regions of the 
plasmid, would be able to combirr. with each other to ultimately connect 
all the regions in the specific directional manner. The sites within the 
primer sequences which would provide for the interconnection between the 
various PGR fragments were determined irrespective of any restriction 
enzyme sites or any other DNA sequence features at these connection sites 
in order to demonstrate that, in accordance with the method of the present 
invention, any DNA sequence at any particular site within a DNA 
molecule can be utilized as a connection site by preparing the necessary 
specific primers to provide for this connection site. 

In Fig. 2, there is shown scheiDatically the plasmid that was designed and 
produced by the method of the present invention. This plasmid carries 
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three independent antibiotic resistance genes, for resistance to ampicillin 
(Amp gene, or hereinafter Amp); tetracycline (Tet^ gene, or hereinafter 
Tet); and chloramphenicol (Cm^ gene, or hereinafter Cm). The plasmid 
also carries the ColEl origin of replication (ColEl-ORI), which in this 
specific instance is situated next to the Amp gene, thxis these two entities 
constituting a single region of the plasmid. The Tet and Cm genes 
constitute additional separate regions. Such a plasmid is capable of being 
replicated in a host cell and will endow the host cell, successfully 
transformed therewith, with resistance to all three types of antibiotic. 
Accordingly, it is also possible to readily select for those host cells 
transformed by this plasmid by growing the transformed cells in the 
presence of one of the antibiotics and then to screen for the resistance to 
the other antibiotics. This therefore provides for a genetic analysis of the 
end-products of the construction procedure at the in vivo level. Further 
verification step was done by testing the plasndds in the transformed 
colonies by PGR, as detailed below. 

To prepare the above plasmids, . number of constructions were made in 
which 3, 4 and 5 individual fragments were produced by PCR and then 
combined to yield the plasmids. Thus, when the plasmid was to be 
constructed from three fragments, the Jbove-noted three regions of the 
plasmid were PCR sjmthesized using appropriate primers so that three 
PCR fragments together having all three regions would be obtained. 
When the plasmid was constructed from four fragments, other appropriate 
primers were used to yield four PCR fragments encompassing the three 
regions of the plasmid. Likewise when the plasmid was constructed from 
•five fragments, other appropriate primers were used to yield five PCR 
fragments encompassing the three regions of the plasmid. The results (not 
shown) of these constructions using three and four fragments showed that 
the so-constructed plasmids were fully active in vivo when used to 
transfect host cells, there being obt'uned a large number of resulting 
transformed cells having resistance to all three antibiotics, this large 
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number being indicative that the transformation efficiency of the 
so-constructed plasmid was high, and further, that the so-transformed 
cells actively expressed the antibiotic resistance genes carried by the 
plasmid. 

For the purposes of exemplifying the method of the present invention, it 
has been chosen not to show the bxxilding of the simpler constructs and to 
demonstrate only the more difficult procedure for successfully combining 
five PGR fragments which together encompass the above three regions of 
the plasmid that was constructed and used to transform host cells with 
high efficiency. 

For this five fragment construction, the following was carried out: 

(i) Preparation of the specific primers for the PGR amplification 
of the desired five fragments of the plasmid. 

As snown in Fig, 2, anu as outlined above, it was desired to construct a 
circularized plasmid ha^'ing three regions: 

(a) a Tet region; 

(b) an Amp + GolEl-ORI region; and 

(c) a Gm region. 

These three regions were to be connected in a highly specffic manner, 
namely, the Tet region was to be connected between two ends of Gm and 
Amp + GolEl-ORI regions, while at the other two ends, the Gm and 
Amp+GolEl-ORI regions were to be connected to each other. Thus, it was 
necessary to connect one end (upstream) of the Gm region to one end 
(upstream) of the Tet region, to connect the other end of the Tet region to 
one end (downstream) of the Amp + GolEl-ORI region, and to coimect the 
other ends (downstream of Gm and the upstream end of Amp + GoIEl-ORI 
region) to each other. 
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To achieve this task, five separate firagments were designed and produced 
by PGR: 

(1) A large fragment of aroxmd 1700 bp which carries the Amp gene 
and the ColEl-ORI sequence; 

(2) Two fragments together constituting the Tet region being 
designated "Tet A" firagment of around 850 bp containing the 
upstream end of the Tet gene; and "Tet B" fragment of 600 bp 
containing the downstream end of the Tet gene; and 

(3) Two fragments together constituting the Cm region, designated 
"Cm A* fragment of around 430 bp containing the upstream end of 
the Cm gene; and "Cm B" firagment of around 270 bp containing the 
downstream end of the Cm gene. 

For the production of these fragments, it was necessary to prepare specific 
primers. The above three regions of the plasmid to be constructed are well 
known, as they are derived from two commercially available plasmids, 
namely pBR322 and pACYCl84 (New England Biolabs, U.S.A.). The fuU 
sequ ;nce and maps of the various regions of these plasmids are known. 
The full sequence of these plasmids can be accessed firom GenBank 
database under accession Nos. J01749 and X06403, respectively. For the 
preparation jf PCR firagments containing the Tet and Amp + ColEl-ORI 
regions the pBR322 sequence and plasmid (as a template) was utilized; 
and for the Cm region, the pACYCl84 sequence and plasmid (as a 
template) was used. 

In this way, using standard automated procedures to produce 
polynucleotide oligomers (Apphed Biosystems, U.S.A,), the followj.ng 
primers were synthesized: 

(1) Upon a study of the sequences of the Cm gene provided with the 
commercially obtained pACYCl84 plasmid and of the Tet gene 
provided with the commercially obtained pBR322 plasmid, it was 
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decided that the desired region containing the junction between the 
Cm and Tet genes should be of the following sequence: 

junction point 

5* CCATTTTAGC TTCCTT AGCTCCTGAlTTCTCAT GTTT GACAGCTTATCATC 
3* GGTAAAATCGAAGGAATCGAGGACTTAAGAGTACAAACTGTCGAATAGTAG 

Cm upstream (5* region) j\inction point Tet up6tream..(5') region 

Hence, the primers which will provide the overlap between the Cm and 
Tet genes and allow their coimection to each other were designed as 
follows: 

(a) Primer designated SEQ. ID NO. 1, also designated 31162, as 
shown schematically in Fig. 2, having the sequence: 

5'AGCTCCTGATTTCTCATGTTUGACAGCTTATC 
sequence complementary ? beginning of Tet 5* (sense) sequence 

to the Cm end junction point 

(b) Primer designated SEQ. ID NO. 2, also designated 3597, as 
shown schematically in Fig. 2, having the sequence: 

SAAACATGAGAATTCAGGAGCUAAGGAAGCTAAAATG 
sequence complementary t beginning of Cm 5' (sense) sequence 

to the Tet 5' (sense) end jimction point 

As depicted schematically in Fig. 2, the above primer SEQ. ID NO. 1 
will enable synthesis of the Tet gene from the upstream side, inclusive 
of the Tet A fragment, this synthesis being in the clockwise direction 
with respect to the completed plasmid shown in Fig. 2. At the same 
time, primer SEQ. ID NO. 1 has also an extension at its 5' end, as noted 
above, that is complementary to the Cm upstream region, to facihtate 
joining of the Tet and Cm genes. 
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Likewise, the above primer SEQ. ID NO. 2 will enable synthesis of the 
Cm gene from the upstream side, inclusive of the CmA fragment, this 
synthesis being in the counterclockwise direction with respect to the 
completed plas'mid shown in Fig. 2. At the same time, primer SEQ. ID 
NO. 2 also has an extension at its 5' end, as noted above, that is 
complementary to the Tet upstream region, to facilitate joining of the 
Cm and Tet genes. 

It shoxild also be noted that, by design, the two genes. Cm and Tet are to 
be joined at their 5* ends, i.e., when expressed they will be transcribed in 
opposite directions, this being apparent from the description above. 

Ftirthermore, as arises from the positioning of the dU in the above 
primers SEQ. ID NO. 1 and SEQ. ID NO. 2, this was chosen so as to 
produce a large overlap (preferably greater than 15 nucleotides), 
namely, in the resul^^mg PGR fragments produced with these primers, 
the dU is- twenty nucleotides from the 5* end, and following UDG, 
N,N-dimethyl ethylenediamine treatment and heating, this entire 
twenty nucleotide single-stranded 5' fragment will be removed from both 
PGR fragments, leaving single-stranded 3' overhangs ou the 
complementary fragments. This complementarity is xmique (all the 
other primers for the other fragments having different sequences) to 
facilitate specific directional joining of the two fragments. As will be 
apparent to one of skill in the art from the above description and 
knowledge of the now standard PCR technology, use of the above 
primers will yield PCR fragments of the following o'-end sequences 
containing the dU residues: 

5'AGCTCCTGATTCTCA T G T TU G A C A G C TT A T C... 
3'TCGAGGACTAAGAGTACAAACTGTCGAATAG... 

(from Primer SEQ. ID NO. 1) 

5'AAACATGAGAATCAGGAGCUAAG GAAGCTAAAATG... 
3'TTTGTACTCTTAGTCCTCGATT C C TT C G A TT TT A C... 
(from Primer SEQ. ID NO. 2) 
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Following UDG, N,N-dimethyI ethylene diamine treatment and heating, 
the 3* overlaps on each of these 5' end sequences will be: 

S^GACAGCTTATC... 
3'TCGAGGACTAAGAGTACAAACTGTCGAATAG... 

(jfrom Primer SEQ. ID NO. 1) 

5'AAGGAAGCTAAAATG... 
3'TTTGTACTCTTAGTCCTCGATTCCTTCGATTTTAC... 
(from Primer SEQ. ID NO. 2) 

from which it is apparent that when these overhangs axe brought into 
proximity with each other, they are completely complementary: 

I (from primer SEQ. ID NO. 1) 
3' I 5' 

TCC TT AGCTCCTGATTCT CATGTTT I GACAGCTTA... 
AGGAAITCGAGGACTAAGAGTACAAA CTGTCGAAT... 
5M3' 
(from primer | 
SEQ. ID NO. 2) 

Therefore, a long overlap of 20 nucleotide bases generated on each of the 
PGR fragments to be joined by virtue of the specific placement of the dU 
residue in the primers to prepare the. PGR fragments, provides for a 
highly specific directional joining of these fragments, which is also a 
stable joint due to the length of those overlaps or overhangs. In fact, it is 
not necessary to perform a Ugase reaction to covalently link the 
respective single-strand overlapping segments to the rest of the PGR 
fragments at the joint sites because the strength of hydrogen bonding 
interactions between the two complementary 3' overhangs is great 
enough to maintain the joint between the two PGR fragments and 
prevent them from becoming detached. 

As will also be apparent from the above sequences, there are a large 
number of dT residues which may have been chosen to be replaced by a 
dU residue during the preparation of the specific primers. Some of the dT 
residues are nearer the 5' end of the primer sequence and hence would 
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have been less favorable as they would have led to the generation of a 3' 
overhang having less than 20 nucleotide bases. Some of the dT residues 
are more distal from the 5' end of the primer sequence and hence might 
be even more' favorable lhan the one exemplified above as they will lead 
to generation of an even longer 3' overhang. 

(2) In a similar fashion to that mentioned above concerning the specific 
directional joining of the upstream end of the Cm gene to the upstream 
end of the Tet gene, it was chosen to prepare an internal joint within the 
Tet gene so that the Tet gene may be generated fi-om two separate 
fragments, one to be joined as above to the upstream end of the Cm gene, 
and one as noted below to be joined to the first Tet fragment, in a specific 
directional manner on one side and to the downstream end fragment on 
the other side. The primers for these other PCR fragments were 
specifically designed to provide for these joints. Furthermore, it was 
chosen to prepare the Cm gene in the fo.m of two separate PCR 
fragments to be joined to each other (internal joint) and to the Tet gene as 
above, as well as to the Amp ColEI-ORI region (as below). For all of these 
coimections it was also necessary to prepare all of the necessary primers 
for synthesis of the various PCR fragments so that each will eventually 
provide for tlie desired specific directional joining of all the fragments. 

Thus, for the internal Tet gene fusion the following sequence, as obtained 
fi-om the sequence provided with the commercially obtained pBR322 
plasmid, was chosen as the desired linkage region for the two Tet 
fi-agments to provide the desired internal linkage. 

internal Tet gene region 
5'CGATGATCGGCCTGTC GCTTGCGGTATTCG3' 
3'GGTACTAGCCGGACAGCGAACGCCATAAGC5* 

To produce the tv.'o Tet gene fragments ( Tet A and Tet B in Fig. 2 ) by 
PGR procedure and to ensure the above internal connection in a specific 
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directional way, the following primers containing the noted dU residues 
were prepared: 

a) Primer SEQ. ID NO. 3, also designated 25595: 
Tet gene internal region - sense strand 

5*ATCGGCCTGTCGCTTGCGGT.\UTCG3» 

b) Primer SEQ. ID NO. 4, also designated 27341: 
Tet gene internal region - anti sense strand. 

5'ATACCGCAAGCGACAGGCCGAUCATCGy 

For the relative positions of these primers with respect to the completed 
constructed plasmid and the direction of synthesis from these primers 
during the PGR procedure, there is shown in Fig. 2 the two primers with 
arrows indicating their directions. 

In an analogous manner to that described above with respect to the Cm 
upstream - Tet upstream junction, the above primers were used to 
generate the required PGR fragments having terminal sequences 
inclusive of the above primer sequences. Following UDG, 
N,N-dimethylethylenediamine treatment and heating of these PGR 
fragments, 3' single-stranded overhangs cf 22 nucleotide bases are 
generated on each PGR fragment. As is apparent from the above primer 
sequences and their directionality, these 3' single-stranded overhangs are 
completely complementary and hence wiU readily combine with each 
other to form the desired Tet gene internal region linkage. Here, too, the 
nature of the complementary interaction of the 22 base pairs is strong 
enough to link tightly the two fragments without the necessity for a 
subsequent hgase reaction. 

(3) For the next desired linkage in the plasmid to be constructed, namely, 
the linkage between the downstream end of the Tet gene and the 
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downstream end of the Amp-ColEl-ORI region, both from plasmid 
pBR322, the following sequence was chosen as the desired linkage region 
for the PGR fragments to be produced containing the above gene regions: 

downstream region of Amp . | Tet gene downstream region 

junction point 

5* GAAATGTTGAATACTCATACTCTTiTGGCCAGGACCCAACGCTGCCCGAG 3' 
3' CTTTACAACTTATGAGTATGAGAAtACCGGTCCTGGGTTGCGACGGGCTC 5' 

To produce the PGR fragments which will contain the above linkage 
region to enable specific directional joining between these fragments, the 
following primers containing the noted dU residues were prepared: 

a) Primer SEQ. ID NO. 5, also designated as 30402: 

(Amp region) | (Tet region) 

junction point 

5*ATACTCTTtTGGCCAGGACCCAACGCUGCCC3* 

b) Primer SEQ. ID NO. 6, also designated as 3885: 

(Tet region) junction point (Amp region) 

5' AGCGTTGGGTCCTGGCCAtAAGAGTAUGAGTATTCAACA 3' 

For the relative positions of these primers with respect to the completed 
constructed plasmid and the direction of synthesis from these primers 
during the PGR procedures, there is shown in Fig. 2 the two primers with 
arrows indicating their directions. 

As noted above for the other fragments, these primers were used to 
generate the required PGR fragments having terminal sequences 
inclusive of the above primer sequences. Following UDG, 
N,N-dimethylethylenediamine treatment and heating of these PGR 
fragments, 3' single-stranded overhangs of 26 nucleotide bases are 
generated on each PGR fragment. As is apparent from the above primer 
sequences and their directionality, these 3' single-stranded overhangs are" 
completely complementary and hence will readily combine with each 
other to form the desired 3' Amp-GolEl-ORI - 3' Tet gene linkage. There 
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too, the nature of the complementary interaction of the 26 base pairs is 
strong enough to tightly combine the two fragments without the .necessity 
for a subsequent hgase reaction. 

(4) The next desired linkage in the plasmid to be constructed was the 
linkage between the Amp -ColEl-ORI fragment, upstream of th^ Amp 
gene and the downstream of the Cm gene. A study of the respective 
sequences revealed the following as the desired sequence for the linkage 
region for the PGR fragments to be produced containing the above gene 
regions: 

jimction point 

Amp upstream region i Cm downstream region 

...5' TGCTCACAT GTTCTTT CCTGC GTTiCAGGCGTTTAAGGGCACCAATAAC 3'.., 
...3' ACGAGTGTACAAGAAAGGACGCAATGTCC GCAAATTCCCGTGGTTATTG 5',.. 

To produce the PGR fragments which will contain the above linkage 
region to enable specific directional linkage between these fragments, the 
following primers containing the noted dU residues were prepared: 

a) Primer SEQ. ID NO. 7, also designated as 4144: 

junction point 
Amp region Cm region 

5ATGTTCTTTCCTGCGTTtCAGGCGlJTTA4GGGCACCAATAAC 3' 

b) Primer SEQ. ID NO. 8, also designated as 27342: 

junction point 
Cm region Amp region 

SACGCCTGtAACGCAGGAAAGAACAUGTG 3^ 

The relative positions of these primers with respect to the completed 
constructed plasmid and the direction of synthesis from these primers 
dxxring the PGR procedures are shown in Fig. 2, with arrows indicating 
their directions. 

As mentioned above, with regard to the other primers, these primers 
were used to generate the required PGR fragments having terminal 
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sequences inclusive of the above primer sequences. Following UDG, 
N,N-dimethyl ethylene diamine treatment and heating, of these PGR 
fragments, 3* single-stranded overhangs of 24 nucleotide bases are 
generated on each PGR fragment. As is apparent from the above primer 
sequences and their directionality-, these 3* single-stranded overhangs are 
completely complementary and hence will readily combine with each 
other to form the desired Amp-GolEl-ORI Gm gene linkage. Again, the 
nature of the complementary interaction of the 24 base pairs is strong 
enough to facilitate tight binding between the two fragments without the 
necessity for a subsequent ligase reaction. 

(5) The next desired linkage in the plasmid to be constructed was the 
internal linkage between the two PGR fragments each having part of the 
Gm gene (Gm A and Gm B fragments in Fig. 2). As noted above, all the 
sequence information of the internal part of the Gm gene is available with 
the purchased pAGYG184 plasmid. Hence, upon a study of the Gm gene 
sequence, the following internal Gm sequence was chosen as the desired 
sequence for the internal joining of the PGR fragments to be produced 
containing the two Gm gene portions: 

internal region of Gm gene (bases 4018-4046 of the pACYGl84 map) 

5' GGATTGGCTGAGACGAAAAACAT ATTCTC3' 
3' CCTAACCGAC TCTGCTTTTT GTATAAGAG5' 

To produce the PGR fragments which will contain the above linkage 
region to enable specific directional linkage between these fragments, the 
following primers containing the noted dU residues were prepared: 

a) Primer SEQ. ID NO. 9, also designated as 27343: 

Gm internal region - non-coding strand (anti-sense) 
5* ATTGGCTGAGAC6AAAAACATAUTCTC3* 

b) Primer SEQ. ID NO. 10, also designated as 25596: 

Gm internal region - coding strand (sense) 
5'ATATGTTTTTCGTCTCAGCCAAIJCC 3* 
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The relative positions of these priu^ers with respect to the completed 
constructed plasmid and the direction of S5nithesis from these primers 
during the PGR procedures are shown in Fig. 2 with arrows indicatiD.g 
their directions. 

As mentioned above, with regard to the other primers, these primers 
were used to generate the required PGR fragments having terminal 
sequences inclusive of the above primer sequences. Following UDG, 
N,N-dimethyl ethylendiamine treatment and heating of these PGR 
fragments, 3' single-stranded overhangs of 23 nucleotide bases are 
generated on each PGR fragment. As is apparent from the above primer 
sequences and their directionality, these 3' single-stranded overhangs aire 
completely complementary, and hence will readily combine with each 
other to form the desired internal Gm gene linkage. Again, the nature of 
the complementary interaction of the 23 bases pairs is strong *^nough to 
facilitate tight binding between tL; two fragments without the necessity 
for a subsequent ligase reaction. 

It should be mentioned that the selection of the above primer sequences, 
in particular, those for the joining of two fragments making up a single 
gene region (internal junction), was not a rigid selection, as any suitable 
sequence could have been chosen, as long as it provided the desired 
junction between two specific fragments to be joined. In other words, 
each of the above primer sequences represents but one possibiHty from 
among many which could have been equally suitable. The only 
constraints in the selection of the primer sequences are that they: (a) will 
have at least one dU insertion at a position providing for a subsequent 3' 
overlap on the resulting PGR fragments of at least 15 nucleotides and 
preferably about 20 nucleotides; (b) they are chosen so as to include in 
their sequence portions of the sequence of both of the DNA fi-agments it is 
desired to join, thereby ensuring a "seamless" joining of the two 
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fragments, without any undesired "linker" sequence being inserted into 
the junction region between the two joined DNA fragments; and (c) that 
the primer sequences are so chosen to provide for complete 
complementarity only between the subsequently generated 3' overhangs 
of two fragments (the specific ends of these firagments) that it is desired to 
combine, such that when a number of fragments are to be joined in a 
desired pre-selected order, only the desired junctions will be possible. 

For example, in the above primers SEQ. ID NO, 9 and SEQ. ID NO. 10 
for the generation of PGR fragments encoding the internal region of the 
Cm gene to be specifically joined together, the primer sequences may 
have been chosen from among many possibilities, each having part of the 
Cm A fragment sequence and part of the Cm B fragment sequence, i.e., 
each primer covering the desired junction region between the Cm A and 
Cm B fragments. In this instance, because the junction is an internal one 
within a single gene region, there is even more fle-rdbiUty of choice of 
primer sequence, as the junction point may have been pre-selected 
anywhere within the Cm gene. Further, the so-chosen primers SEQ. ID 
NO. 9 and SEQ. ID NO. 10 also have in their sequence numerous dT 
residues, a number of which (in addition to the exemplified one) may also 
have been replaced by a dU residue to provide subsequently the desired 
long 3' overhangs for the ptrrposes of joining the PCR fragments 
generated from these primers. As the primer sequences were chosen 
specifically from the Cm gene sequence, there is ensured that once the 
generated PCR fragments are joined via their 3* overhangs, the joined 
fragments will contain only the Cm gene sequence, i.e., there is a 
"seamless" junction. 

(ii) Preparation of the PCR fragments 

Taldng all of the above into consideration, the following is a brief 
description of how each fragment of the plasmid of Fig. 2 was prepared 
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using all of the various primers for each fragment, and how all the 
so-produced fragments were Unked together: 

a) The Amp-ColEl-ORI region fragment was prepared by standard 
PGR conditions using the above-noted primers SEQ. ID NO. 8 and SEQ. 
ID NO. 6 (see Fig. 2 for their relative positions and directionality with 
respect to the completed plasmid), as well as the purchased pBR322 
plasmid as the template DNA. The amoxmts of primer DNA, template 
DNA and other conditions of the PGR production were as noted 
hereinabove. 

b) The upstream portion of the Tet gene (the Tet A fragment shown 
in Fig. 2) was prepared by standard PGR conditions using the 
above-noted primers SEQ. ID NO, 1 and SEQ. ID NO. 4 (see Fig. 2 for 
their relative positions and directionality with respect to the completed 
plasmid), as well as the purchased p6R322 plasmid as the template DNA. 
The amounts of primer DNA, template DNA and other conditions of the 
PGR procedures were as noted hereinabove. 

c) The downstream portion of the Tet gene (the Tet B fragment 
shown in Fig. 2) was prepared by standard PGR conditions using the 
above-noted primers SEQ. ID NO. 3 and SEQ, ID NO, 5 (see Fig. 2 for 
their relative positions and directionality, with respect to the completed 
plasmid), as well as the purchased pBR322 plasmid as the template DNA. 
The amounts of primers DNA, template DNA and other conditions of the 
PGR procedure were as noted hereinabove. 

d) The upstream portion of the Gm gene (the Gm A fragment shown 
ia Fig. 2) was prepared by standard PGR conditions using the 
above-noted primers SEQ. ID NO. 2 and SEQ. ID NO. 9 (see Fig. 2 for 
their relative positions and directionality, with respect to the completed 
plasmid). as well as the purchased pAGYG184 plasmid as the template 



wo 98/38296 



PCT/IL98/00094 



.41. 

DNA. The amounts of primer DNA, template DNA and other conditions 
of the PGR procedures were as noted hereinabove. 

e) The downstream portion of the Cm gene (the Cm B fragment 
shown in Fig. 2) was prepared by standard PCR conditions using the 
above-noted primers SEQ. IE' NO. 10 and SEQ. ID NO. 7 (see Fig 2 for 
their relative positions and directionahty, with respect to the completed 
plasmid), as well as the purchased pACYC184 plasmid as the template 
DNA. The amoimts of primer DNA, template DNA and other conditions 
of the PCR procedures were as noted hereinabove. 



For PCR, the following conditions and conentrations were used: 10|il of a 
0.1 mg/ml solution of primer #1 and primer #2, respectively, were mixed 
and 180^1 of PCR mix as given below added. Then, 1^1 of 40ng/)il of DNA 
template was added, and the PCR carried out at the temperature regime 
indicated below. 



PCR mix: 

dNTPs (2.5mM each) 128^1 

Buff. xlO 160^1 

HgO 1088^1 

Taq DNA Polymerase 5\i/\xl 6.4jil 



Temperature regime 
94^C 40sec 
40°C 2min 
72X 4min 
30 cycles 
72°C 5min 
6^C infinitely 
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FoUowing PGR synthesis of the individual fragments separately, each 
fragment was then purified by standard agardse-gel purification 
techniques using the commercially available Bio-Rad "Prep-A-Gene™" 
DNA purification kit and adheriD.g to the manufacturer's instructions. 
Following purification, the concentration of the purified fragment DNA 
was determined by standard procedures using the Pharmacia 
"Gene-Quant™ RNA/DNA Calculator" and adhering to the manufacture's 
instructions. 

(iii) Connection of the PC R - produced fragments 
The 5 PCR fragments as produced and purified according to the 
above-mentioned procedure, were connected to each other in a one-step 
reaction mixtiire in a single reaction vessel. This was achieved by mixing 
the fragments together. Each DNA fragment was in an amoimt of 0.15 
pmoL The volume of the DNA fragm -nts mixture was 9 nl. 10 |il "dU 
nicking mixture" was added tc the DNA fragments mixture. The dU 
nicking mixture containing 40mM Tris-HCI pH 8.4, 100 mM KCl, 3mM 
MgCk, 200mM N,N-dimethyl ethylenediamine. 1 \x\ UDG (in a 
concentration of 5 U/|il pturchased from GibcoBRL), was then added to the 
reaction, and the mixture was incubated at ST'C for 30 minutes. 

Following the above reaction to apurinate the uracil bases from the 
fragments with UDG and to nick the DNA 3' to the apurinated dU 
residues with N,N-dimethyl ethylenediamine, thereby preparing the way 
for dissociation of short single-strands (between 21-26 bases in length, as 
noted above), the reaction mixture was subjected to conditions to 
facihtate dissociation of the short nicked single-stranded DNA 
(oligonucleotides) from the 5' ends of the fragments in order to expose the 
desired 3' overhangs. These conditions included adding 20 jil Mineral Oil 
to the reaction mixture (to prevent evaporation) and then heating the 
reaction mixt\ire to TS'C, at which temperature the mixture was 
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incubated for 30 min. At 75'C. the oHgonucleotides (short single-strands) 
upstream of the dU residue at each end of the fragments dissociate from 
the remaining major portion of the fragments, leaving exposed 3' 
single stranded- overhargs on each end of each fragment. 

The next stage was to faciUtate the completion of the specific directional 
joining of the fragments by coohng the above reaction mixture to 3TC 
(cooling from TS^C at a rate of about 2°C per hour). 

(iv) analvsis of tlic products 

A 1 ^il sample of the above reaction mixture containing the newly 
constructed plasmid made from joining the 5 separate fragments was 
used to transform suitable bacterial cells by standard procedures. The 
mode of transformation was by the preferred standard method of 
electroporation ofE. coli DHIOB cells. In the transformation procedure 20 
jil of electrocompetent "Elrr^troMax" cells (purchased from Gibco BRL) 
were mixed with the above 1 ^il DNA sample and subjected to 
electroporation in a commerciaUy available apparatus (BioRad "K coli 
Pulser Apparatus" set at 1.8 kV and operated according to the 
manufacturer's instructions). 

Following electroporation (transformation) the cells were plated on a 
standard LB Agar plate containing ICO mM ampicillin (to select for 
transformants having ampicillin resistance by virtue of having being 
transformed with a DNA carrying the Amp gene) 

The Agar plates were incubated xmder standard conditions. Over a 
hundred colonies were obtained and tested further for resistance to 
chloramphenicol and tetracycline. Thus, colonies found to be resistant to 
all three antibiotics are indicative of those having received a fully intact 
constructed plasmid which carries all three resistance genes, namely, the 
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desired constructed plasmid (having the desired structure as depicted in 
Fig. 2). 

The results "showed that about 10% of the originaUy obtained 
ampicillin-resistant colonies were also tetracydine and choramphenicol 
resistant. Additional PGR verification tests were carried out on these 
colonies in order to verify that they carried the required plasmids. Pairs of 
primers originally used to produce two different fragments were used in a 
PGR test procedure in which the template DNA was the construct DNA 
obtained from the transformants. If the fragments had been connected in 
the correct manner, the PGR product would be equal in size to the sum of 
the original fragments. The PGR procedure and conditions were the same 
as noted above under "Materials and Methods". The PGR products were 
subjected to standard Agarose gel electrophoresis and the resultant bands 
separated on the gel were analyzed against standard molecular weight 
markers to determine their approximate size and to determine whether 
these sizes are the expected ones. 



All of the colonies that were subjected to the above PGR test, had 
constructs that yielded PGR bands having the expected sizes (results not 
shown). 

The above result is a very significant one, as it provides evidence for the 
first time that it is possible to join coixectly 5 separate DNA fragments in 
a specific directional manner, in a single reaction mixture by an 
essentially one-step procedure. 
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Example 2 

Tm provemeTits in the p r nrfiQure for the construction of a plasmid 

frnm 5 separate fragments. 
In view of the results set forth in Example 1 above, it was desired to 
improve the procedure of plasmid construction to obtain a higher yield of 
fully conc-ructed plasmids from 5 original separate fragments. 

In this improved procedure, it was chosen to utilize recently developed 
technology whereby DNA molecules can be biotinylated and subsequently 
attached to streptavidin beads to effectively immobihze such biotinylated 
DNA molecules and remove them from the reaction mixture. Such 
biotinylation was performed at the terminal adenosine residue for ease of 
operation. The advantage of this approach is that it removes ahnost aU 
the ohgonucleotides which may interfere with the connection between 
fragments. Furthermore, it also removes fragments that have two, or 
even one unexposed terminus, further improving the efficiency of the 
assembly of fragments. 

Using this technology, it was chosen to biotinylate all of the above noted 
primers SEQ. ID NO. 1. SEQ. ID NO. 2. SEQ. ID NO. 3, SEQ. ID NO. 4, 
SEQ. ID NO. 5, SEQ. ID NO. 6, SEQ. ID NO. 7, SEQ. ID NO. 8, SEQ. ID 
NO. 9 and SEQ. ID NO. 10 at their 5' terminal adenosine residues. 
Biotinylation of the primers is carried out. at the time of their synthesis, 
namely, a biotinylated dA residue is prepared by standard procedures or 
purchased from a commercial supplier, and is used in the primer 
synthesis reaction as the last nucleotide. i.e.. the 5' terminal nucleotide 
(primer synthesis using automated apparatus and procedures has the 
synthesis in the 3'-5' direction). All the other dA residues added during 
primer synthesis will be normal, non-biotinylated ones. In this way, each 
primer so synthesized will be biotinylated only at its 5' terminal 
adenosine residue. As a result, the PGR fragments to be produced with 
these primers will be 5' biotinylated (two biotinylated 5' adenosine 
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residues per fragment produced as each fragment is generated with two 
primers - see above procedure for the fragment prepaiation). Tuese 
biotinylated short strands may be attached to streptavidin-coated beads. 

The entire procedure of PGR fragment preparation, was carried out using 
biotinylated primers which were otherwise identical to those described in 
Example 1. 

In addition, it was also chosen to perform a phosphorothiolation of the 3* 
ends of each of the primers before use in the PGR procedure, to ensure 
that the 3' ends of each of the various primers would not be digested by 
"proof-reading" functions of the high-fidehty DNA polymerases to be used 
in the PGR procedure. In this way, all of the above primers were also 3' 
phosphorothiolated during their synthesis before being used in the PGR 
reactions to generate the various DNA fragments. This 
phosphorothiok:iion of the primers being another improvement of the 
basic method of the invention described in Example 1. 

It should, however, be noted that for the purposes of employing 
high-fideUty DNA polymerases, as noted above, in the PGR reactions, 
different buffers and other reaction conditions are necessary. Hence, for 
the purposes of the present PGR reactions, it was chosen to use the same 
DNA polymerase and PGR reaction conditions as noted above in Example 
1. In any event, such modified primers are also capable of being 
employed with high-fidehty DNA polymerases in accordingly modified 
PGR reactions. 

Thus, once the primers were prepared as above with 5' biotinylation and 
3' phosphorothiolation, the PGR fragments were produced by the same 
procedure as in Example 1, up to and including the step of treating the 
fragments with UDG and N.N-dimethylethylenediamine and incubating 
the reaction mixture at 37°G for 30 min. For the subsequent joining of the 
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fragments, the reaction was divided at this stage into two separate 
vessels (one serving as a control). 

To the first vessel of 100|il mixture, magnetic streptavidin-coated beads 
were added (100 ^l, purchased from MPG) as was 20 ^1 of Mineral OH to 
prevent evaporation, and the vessel was then incubated with occasional 
shaking at 75"»C for 30 min. As noted above, at 75'C. the short 5' 
oligonucleotides upstream of the dU residue at each end of the fragments 
dissociate from the main portion of the fragments, leaving 3' overhangs. 
In the presence of the streptavidin-coated beads, these 5' oligonucleotides 
which are biotinylated are "captured" (i.e., bind tightly.) by the 
streptavidin molecules and are effectively removed from the "construction 
mixture", preventing them from competing with the fragment-fragment 
connections. Following the 30 min incubation at 75"C, the streptavidin 
beads, which are magnetic, were removed from the reaction vessel by the 
simpie standard procedure of collecting and removing them with a 
magnet, under suitable conditions so as not to lead to any damage of the 
DNA fragments in the mixture. Therefore, the short biotinylated 5' 
ohgonudeotides were physicaUy removed from the reaction mixture 
before the cooling stage, in which complete stabilization of the interacting 
fragments takes place, to facilitate the final stage of the specific 
directional connections between the various fragments. 

In the second reaction vessel, 100 \d H2O was added instead of 
streptavidin-coated beads. This was thus a control experiment, being 
essentially the same as that described in Example 1 above, in which the 
5' ohgonudeotides remain in the reaction mijcture and can interfere with 
the fragment-fragment interconnections. All other reaction conditions 
were as before. 



For both of the above reactions, following the 30 min. incubation at 75*C, 
the slow cooling procedure was carried out, as described in Example 1. 
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Likewise, 1 \il DNA samples from each of the above two reaction vessels 
(with and without streptavidin beads treatment) were used to transform 
the same strain of K coli ceHs by the same procediire as detailed in 
Example 1. 

The results of the £ cqU transformations revealed that for the 
streptavidin-treated reaction mixture, 480 ampidllin-resistant colonies 
were obtained, of which 35% were chloramphenicol- and 
tetracydine-resistant. In contrast, for the non-streptavidin-treated 
reaction mixture, only 160 ampicillin-resistant colonies were obtained, of 
which only about 10% were also resistant to chloramphenicol and 
ampicillin (this being essentially the same result as obtained for the basic 
procedure set forth in Example 1). 

The above significantly greater number of completely constructed desired 
plasmids obtained by biotinylation-strept-/idin treatment indicates that 
the free released 5' oUgonucleotidss do interfere with the connections 
between the various fragments, and their removal by the 
biotinylation-streptavidin treatment is desirable. 

The use of the Biotin- Streptavidin system, for removing of the 
oHgonucleotide generated by nicking at the apurinated site, is for 
illustrative purposes only. It can be done by several different methods, as 
for example the use of commercially available kits for removing 
ohgouucleotides (see Example 3 hereinbelow). 
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Kicample 3 

r , . ,. ,. .t inn nf n Hr -^-^--^ r^-^rrdd bv the directional 
^Ti^-^ t-" »f« fragm ents r.onst itutinr tlie plasmid 

Overview 

The plasmid to be constnicted was designed to consist of eight fragments, 
each to be prepared separately by PGR amplification and then joined in a 
specific directional fashion to provide a circularized plasmid as the 
end-product. This example is similar to example 1. the difference being 
the number of fragments the plasmid was constructed of. 

In Fig. 3. there is shovn schematically the plasmid that was designed 
and produced by the method of the present invention. This plasmid 
carries four independent antibiotic resistance genes, for resistance to 
ampiciUin (Amp^ gene, or hereinafter Amp) ; tetracycline (Tet^ gene, or 
heremafter Tet); chloramphenicol (Cm^ gene, or hereinafter Cm ) and 
kanamydn (Kn^ gene, or hereinafter Kn). The plasmid also carries the 
ColEl origin of replication (ColEl-ORI), which in this specific instance is 
situated next to the Amp gene. Hence, such a plasmid is capable of being 
repHcated in a host ceU and will endow the host cell with resistance to aU 
four types of antibiotic. 

Accordingly, it is possible to readily select for those host ceDs transformed 
by this plasmid by growing the transfected cells in the presence of one of 
the antibiotics and then to screen for the resistance to the other 
antibiotics. In order to verify that mis-connections did not occur, 
additional verification tests may be carried out. One such test carried out 
included testing transformed colonies by restriction enzyme analysis. 
DNA was prepared fi^m a number of transformed colonies and checked 
by restriction enzyme analysis. 
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This constitutes the first known disclosure of a successful, specific 
directional connection of eight independent PGR fragments to form a 
single active plasmid construct, and this by an essentially one-step 
procedure in accordance with the present invention. 

For this construction of eight fragments, the following was carried out: 

(n Prenaratmn of the sp Ar^ifin primers for the PGR amplification. 
As shown in Fig. 3, and as outhned above, it was desired to construct a 
circularized plasmid having four regions: 

(a) a Tet region. 

(b) an Amp + ColEi-ORI region. 

(c) a Cm region. 

(d) a Kn region. 

The order of the connection is depicted in figure 3. 



To achieve this task, eight separate fragments were designed: 



Name of fragment 






Size(bp) 


plasmid 


Location 


AmpA 

AmnB 27342 




3885 


574 
1171 


pBR322 
pBR322 


3603-4159 
2460-3624 


CmA 40122 




241366 


481 


PACYC184 


4021-240 


CmB 


27343 
25596 




293 


PACYC184 


3768-4043 


TetA 


4144 

27341 




862 


pBR322 


1-848 






36176' 








TetB 






631 


pBR322 


827-1449 


KnA 31254 


25595 




569 


PACYC177 


1809-2368 


KnB 


25953 
25952 




652 


PACYC177 


2349-2991 



31253 
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Written are the names of the fragments, their sizes, the plasmid from 
which they were PGR amplified, the exact location of the site on the 
original plasmid and the numbers of the primers that were used to 
amplify the fragments. The full sequence and maps of the various regions 
of these plasiaids are known and can be accessed from GenBank database 
under accession Nos. J01749 (pBR322). X06403 (pACYCI84) and X06402 
(pACYC177). 

The AmpB fragment includes the 5' part of the Amp fragment and the 
ColEl-ORI sequence. The AmpA fragment includes the 3' part of the 
Amp fragment. The CmA fragment includes the 5' part of the Cm 
fragment and the CmB fragment includes the 3' part of the Cm fragment. 
The TetB fragment includes the 5' part of the Tet fragment and the TetA 
fragment includes the 3' part of the Tet fragment. The KnA fragment 
includes the 5' part of the Kn fragment and the KnB fragment includes 
the 3' part of the Kn fragment. 

As m example 1. each primer consists of two regions: a 3' region 
complementary to the DNA to be amplified, and a 5' region 
complementary to the fragment it should be connect to. 

Using standard automated procedures to produce polynucleotide 
ohgomers (AppHed Biosystems, U.SA..), the following primers were 
synthesized: 

In aU the cases below, the (-) in the middle of the sequence represents the 
junction between the regions of the original DNA. 

Primers for the amplification of thft AmoA fraements 

Primer SEQ. ID NO. 11, also designated as 241365: 
internal Amp region 

5'ATTGCTGCAGGCATCGTGGTGIJCA 3' 
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Primer SEQ. ID NO. 6, also designated as 3885: 
P— -erion Amp region 

5'AGCGTTGGGTCCTGGCCA - AAGAGTAUGAGTATTCAACA 3- 

Primers for tb o-'^n. plificatio Ti of the AmpB fragments 

Primer SEQ. ID NO. 8, also designated as 27342: 

Cm region Amp region 

5'ACGCCTG - AACGCAGGAAAGAACAIJGTG 3' 

Primer SEQ. ID NO. 12. also designated as 241366: 

internal Amp region 
5'ACACCACGATGCCTGCAGCAAIJGG 3' 

Pv^rr^orc fnr t.hp flmplifi ^-atinn of the CmA fragments 

Primer SEQ. ID NO. 13, also designated as 40122: 

Kn resion Cm region 

AGG CCT GGT ATG AGT C - TCA GGA GCJLAAG GAA GCT AAA ATG 

Primer SEQ. ID NO 9, also designated as 27343: 
Cm region 

5'ATTGGCTGAGACGAAAAACATAUTCTC 3- 

Pr4n,orQ far thP. amplif i^'^^np of the CmB fragment 
Primer SEQ. ID NO. 10, also designated as 25596: 
Cm region 

5' ATATGTTTTTCGTCTCAGCCAAHCC 3' 

Primer SEQ. ID NO. 7, also designated as 4144: 

Amp region Cm region 

S'ATGTTCnTCCTGCGTT • CAGGCGHTTAAGGGCACCAxVTAAC 3- 

Primers for t >.p i^m plifica tinn of the TfttA fragment: 

Primer SEQ. ID NO. 4, also designated 27341: 
Tet region 

5'ATACCGCAAGCGACAGGCCGAUCATCG 3' 

Primer SEQ. ID NO. 14, also designated as 36176: 

Kn antisense Tet sense 

5'ACGTGGCTTTGTTG - TTCTCATGUTTGACAGCTTATC 3 
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Primers for the amp lifif fl^nn nf the TetB fragment: 
Primer SEQ. ID NO. 5, also designated as 30402: 

Amp region Tet region 

5'ATACTCTT - TGGCCAGGACCCAACGCUGCCC 3- 

Primer SEQ. ID NO. 3, also designated 255J5: 
Tet region 

5'ATCGGCCTGTCGCTTGCGGTAirrCG 3' 

Primers for the am pHfi^atin n of the Kn A fragment: 

Primer SEQ. ID NO. 15, also designated 31254: 

Tet region Kn region 

5'ACATGAGAA - CAACAAAGCCACGUTGTGTCTC 3" 

Primer SEQ. ID NO. 16, also designated as 25953: 
Kn region 

S'AGACGAAATACGCGATCGCHGTTAA 3' 

Prim ers for the ^mplifiration of the TCnB fragment: 

Primer SEQ. ID NO. 17, also designated as 25952: 
Kn region 

5'AGCGATCGCGTATTTCGTCIJCGCTC 3' 

Primer SEQ. ID NO. 18, also designated as 31253: 

Cm region Kn region 

5'AGCTCCTGA - GACTCATACCAGGCCUGAATCG 3' 

(ii) Preparation of the PC R fragments 

The PCR was carried out as in Examples 1 and 2. Following PCR 
synthesis of the individual fragments, each fragment was purified by 
standard agarose-gel purification techniques using the commercially 
available Bio-Rad "Prep-A-GeneTM" dNA pvirification kit and adhering to 
the manufacttirer's instructions. Following pvirification, the 
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concentration of the purified fragment DNA was determined by standard 
procedures. 

(iii) PnT^nPction o f thi- •pr-R-prn,1iir»P.d fragments 
Tk?. eight PGR fragments were connected to each other in a one-step 
reaction mixture in a single reaction vessel. This was achieved by mixing 
the fragments together in a 25^1 reaction mixture that included: 0.15 
pmol of each fragment. 2.5^.1 buffer (200mM Tris-HCl pH 8.4. 500 mM 
KCl. 15mM MgCk). 2.5 nl of IM N.N-dimethyl ethylenediamine and 6.25 
units of UDG (GibcoBEL). The mixture was incubated at 37»C for 4 
hours and then transferred to lO^C for 5 minutes to facihtate dissociation 
of the short nicked single-stranded DNA from the 5' ends of the fragments 
(as explained in example 1). After dissociation of the short nicked 
single-stranded DNA. the DNA was cleaned from them with "QlAquick 
PGR purification kit" (QIAGEN) adhering to the manufacturer's 
instructions. Before adding the first buffer of the kit, 200 ^1 of hot (TO^C) 
buffer (20mM Tris-HCl pH 8.4, 50 mM KGl, 1.5mM MgCb) was added in 
order to minimize the reanneahng of the short nicked single-stranded 
DNA. This was carried out instead of the biotin-method desribed in 
Example 2. The DNA was eluted in 30^1 of sterilized water. 27^1 of the 
DNA mixture was incubated with 3^1 of buffer (200mM Tris-HCl pH 8.4, 
500 mM KCl, 15mM MgCb) in a water-bath at 70°C. The bath was shut 
down and the temperature was slowly decreased to 37«C. This aUows for 
the joining between the complementary overhangs, while minimizing 
illegitimate connections. 

(iv) analysis o f the ronstruct 

A 1 jil sample of the above DNA containing the newly constructed 
plasmid, made by joining the 8 separate fragments, was used to 
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transform E. coli D HlOB cells by electroporation (as detailed in example 
1). 

Following electroporation (transformation) the cells were plated on LB 
Agar plate containing 100 mM ampicillin (to select for transformants 
having ampicillin resistance by virtue of having been transformed with a 
DNA carrying the Amp' gene). On the day after, three colonies were 
picked and checked for resistance to chloramphenicol, tetracydine and 
kanamycin by plating them on Agar plates containing the appropriate 
antibiotics. 

The results showed that the three colonies were resistant to aU the four 
antibiotics. The colonies were further checked by restriction enzyme 
analysis and proved to be correct (data not shown). 

The above result is very significant, since it proves that it is possible to 
correctly join 8 separate DNA fragments in a specific directional manner, 
in a single reaction mixture by an essentially one-step procedure. 

The examples above demonstrate that in accordance with the present 
invention, it is possible for the first time to construct a fully active 
plasmid molecule from numerous (e.g., 5, 8) separate fragments in a 
simple, essentially one-step process, and even under less favorable 
conditions (without biotinylation-streptavidin treatment), this process is 
feasible, producing fully constructed desired plasmid molecules. 



The above examples have been provided for the purpose of illustration 
only. As will be appreciated by the skilled person, the invention is not 
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limited to any paxticular conditions, except as defined in the appended 
claims. 
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(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: Gil Sharon and Gesher Israel Advanced 

Biotecs (1996) Ltd. 

(B) STREET: POB 98 

(C) CITY: Beit Neqofa 

(E) COUNTRY: Israel 

(F) POSTAL CODE (ZIP): 90830 

(G) TELEPHONE: +972 2 5700 381 

(H) TELEFAX: +972 2 5700 586 

(ii) TITLE OF INVENTION: Method for joining DNA 
fragments 

(iii) NUMBER OF SEQUENCES: 18 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version 
#1.25 (EPO) 

(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 
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(xi) SEQPENCE DESCRIPTION: SEQ ID NO: 1 
AGCTCCTGAT TCTCATGTTU GACAGCTTAT C 
(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRT^NDEDNESS: unknown 

(D) TOPOLOGY: unknown 



• '(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
AAACATGAGA ATCAGGAGCU AAGGAAGCTA AAATG 
(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: unknown 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
ATCGGCCTGT CGCTTGCGGT AUTCG 
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(2) INFORMATION FOR bEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
ATACCGCAAG CGACAGGCCG AUCATCG 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
ATACTCTTTG GCCAGGACCC AACGCUGCCC 
(2) INFORMATION FOR SEQ ID NO: 6: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS : single 

(D) TOPOLOGY: unknown 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
AGCGTTGGGT CCTGGCCAAA GAGTAUGAGT ATTCAACA 
(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
ATGTTCTTTC CTGCGTTCAG GCGUTTAAGG GCACCAATAA C 
(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
ACGCCTGAAC GCAGGAAAGA ACAUGTG 
(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: unknown 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
ATTGGuTGAG ACGAAAAACA TAUTCTC 
(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown ' 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
ATATGTTTTT CGTCTCAGCC AAUCC 
(2) INFORMATION FOR SEQ ID NO: 11: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 
(O" STRANDEDNESS : single 
(D) TOPOLOGY: unknown 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
ATTGCTGCAG GCATCGTGGT GUCA 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
ACACCACGAT GCCTGCAGCA AUGG 

(2) INFORMATION FOR SEQ ID NO: 13: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
AGGCCTGGTA TGAGTCTCAG GAGCUAAGGA AGCTAAAATG 



(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: -ingle 

(D) TOPOLOGY: unknown 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
ACGTGGCTTT GTTGTTCTCA TGUTTGACAG CTTATC 
(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHT^CTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 
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(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 1 
ACATGAGAAC AACAAAGCCA CGUTGTGTCT C 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) lOPOLOGY: unknown 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
AGACGAAATA CGCGATCGCU GTTAA 
(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: unknown 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
AGCGATCGCG TATTTCGTCU CGCTC 
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(2) INFORMATION FOR S£Q ID NO; 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: unknown 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
AGCTCCTGAG ACTCATACCA GGCCUGAATC G 



31 
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Claims 

1. A method for the simultaneous multi-DNA fragment assembly of two or 
more double-stranded DNA fragments produced by a primer extension 
reaction, particularly the polymerase chain reaction (PGR), comprising the 
steps of: 

(a) providing for each DNA fragment to be joined to a second DNA 
fragment and optionally to a third DNA fragment, a pair of primers 
for the primer extension procedure thereof, wherein one of said two 
primers has a portion which is complementary to one terminal 
portion of the strand of said fragment, and the second of said two 
primers has a portion which is comple^nentary to the other terminal 
portion of the strand of said fragment, and wherein the second 
portion of at least one of the said primers is complementary to the 
terminal portijn cf a different fragment to ^e joined to said first 
fragment in a speciiSc positioned relationship; 

(b) providing, in each of said primers, at least one dU residue or the 
like in place of at least one dT residue of the original primer 
sequence, the first of said at least one dU residue(s) being positioned 
at least 15 nucleotides from the 5' end of said primer; 

(c) producing each said DNA fragment by the primer extension reaction 
procedure; 

(d) carrying out in any suitable order the steps of: 1. mixing the 
produced DNA fragments 2. adding the enzyme UDG to apurinate 
said dU residue and a second enzyme or a compound such as 
N.N-dimethyl ethylenediamine to generate single-strand nicks at 
said apurinated dll residue, said UDG and second enzyme or 
compound being in amoxmts svifficient thereby to generate a nick at 
the end of substantially all fragments, and dissociating the nicked 
oUgonucleotides which are formed at the 5' end or ends of the 
fragments, and 
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(e) providing suitable conditions and allowing sxifficient time for the 
specific joining of said fragments to generate a multi-DNA firagment 
assembled product. 

2. A method according to claim 1, wherein the DNA mixing step is carried 
out before the UDG enzyme addition step. 

3. A method according to claim 1, wherein the UDG enzyme addition step 
is carried out before the DNA mixing step. 

4. A method according to claim 1-3, wherein step (e) includes the removal 
of the nicked oligonucleotides firom the reaction. 

5. A method according to claim 4, wherein at least some of said primers for 
the primer extension production of said DNA firagments are biotinylated 
at their 5' ends, and wherein when said enzyme UDG and said second 
enzyme or compound are added to said mixture of firagments, there is also 
added streptavidin, either firee or bound to beads, whereby single-stranded 
oligonucleotides containing at their 5' end a biot^n moiety generated 
following the formation of said single-strand nicks at said apurinated dU 
residues are bound via a biotin-streptavidin connection and are effectively 
removed firom the joining reaction. 

6. A method according to claims 1-5,, wherein said 3' complementary 
overhangs on said DNA firagments are generated by the addition to said 
firagments, the enzyme UDG to apurinate said dU residue and a second 
enzyme selected firom endonuclease III (Endo III) or endonuclease IV (Endo 
rV) to generate single-stranded nicks at said apurinated dU residue to 
provide said 3' overhangs. 

7. A method according to claims 1-5, wherein said 3' complementary 
overhangs on said DNA firagments are generated by the addition to said 
firagments of the enzyme UDG to apurinate said dU residue and of a 



wo ?8y38296 



PCT/IL98/00094 



-68- 

compound smtable to generate single-strand nicks at said apxirinated dU 
residue to provide said 3' overhangs. 

8. A method according to claim 7, wherein the compound suitable to 
generate singie-strand nicks at the apurinated dU residue to provide the 3* 
overhangs is N,N-dimethyl ethylenediamine, 

9. A method according to any one of claims 1-8, wherein the joining of the 
fragments via the 3' complementary overhangs is facilitated in vitro by: 

(a) heating the reaction mixture to a temperature suitable to allow 
dissociation of the oHgonucleotides at the termini of the fragment after 
said apurination of the dU residue and generation of nicks at the 
apurinated dU residue, and incubating said mixtxure; 

(b) keeping the mixture of (a) at a temperature suitable to maximize 
correct connections between complementary overhangs; and 

(c) optionally, adding ligase to said mixture to facilitate covalent 
joining of the DNA strands. 

10. A method according to any one of claims 1-9, wherein after the joining 
of the fragments via the 3' complementary overhangs is facilitated in vitro, 
the DNA is used to transform and/or transfect host cells. 

11. A method according to any one of claims 1-9, wherein the covalent 
connection of the fragments via the 3' complementary overhangs is 
facilitated in vivo, by the host cells that are being transformed and/or 
transfected by the mixture of fragments. 

12. A method according to any one of claims 1-11, wherein one or more cf 
said DNA fragments to be joined is a mutant fragment having been 
subjected to site-directed mutagenesis or mutagenic PGR during its 
preparation. 



yVO 98/38296 PCT/IL98/00094 

.69- 

13. A primer for use in a method according to any one of claims 1-12 
comprising at least one dU residue in place of at least one dT residue, the 
first of said at least one dU residue(s) being positioned at least 15 
nucleotides from the 5' end of the primer. 

14. A primer according to claim 13, wherein said primer is biotinylated at 
its 5' end. 

15. An assembled DNA construct whenever prepared by a method 
according to any one of claims 1-12, and wherein said construct has been 
assembled from the joining together of two or more DNA fragments. 

16. An assembled DNA construct according to claim 15, wherein said 
construct is in the form of a linear DNA molecule. 

17. An assembled DNA construct according to claim 15, wherein said 
construct is in the form of a closed circular DNA molecule. 

18. A method c.ccorditig to claim 1 wherein one or more of the DNA 
fragments to be joined comprise sequences coding for one or more proteins 
selected from the group including cytokines, hormones, and enzymes. 

19. A method according to claim 18 wherein the enzymes aie selected firom 
the group consisting essentially of citrate synthases, polyketide synthases, 
and succinyl-CoA-synthetase. 

20. A DNA fragment comprising an overhang of at least 15 nucleotides or 
an end portion suitable to be converted into such an overhang. 



21. A DNA fragment as claimed in claim 20, for use in the method of claim 
1 
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A. PGR fragment with a single dU residue that had been incorporated 
into each primer 

-"- =dU==== 

B. UDG a-piirinates the dU residues 

(dU) 
/\ 



\/ 
(dU) 

C. N,N dimethylethylenediamine nicks the a-purinated residues 
3' 

/ 



/ 
3' 

D. Heating disconnects the nicked oligonucleotides from the double- 
stranded DNA molecule 

overhang 



overhang 

E. Slow cooling allows fragments with complementary termini to inter 
connect 

fragment 1 fragment 2 fragment 3 fragment 4 fragment 5 



Fig. 1 
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